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INTRODUCTION T
ELEHEALT H MEANS "medicine at distance" where "medicine" includes not only medical activities involving ill patients but also public health activities involving well people. 1 In other words, telehealth is process and not a technology, including many different health care activities carried out at distance.
Since the development of methods of electronic communication clinicians have been using information and communication technologies for the exchange of health-related information: Telegrapy-signalling by wiresin the forms of telephony, radio, and television have been used for distance medicine since mid-19th century. 2 However, rapid and farreaching technological advances are changing the ways in which people relate, communicate, and live. Technologies that were hardly used a few years ago, such as the Internet, e-mail, video teleconferencing, and shared virtual reality (VR) are becoming familiar methods for modern communication.
Health care is one of the areas that could be most dramatically reshaped by these new technologies. Distributed communication media could become a significant enabler of consumer health initiatives. In fact, these technologies provide an increasingly accessible communications channel for a growing segment of the population. Moreover, in comparison to tradi-tional communication technologies, shared media offer greater interactivity and better tailoring of information to individual needs.
E-health, the integration of and telehealth technologies with the Internet and shared VR is the next logical step. Although e-health is a branch of telehealth, it is differentiated in several important ways. As noted by Allen, 3 telehealth to date has been largely non-Internet-based and has been characterized by pointto-point (e.g., T1) and dial-up (e.g., telephone, ISDN) information exchange. E-health, on the other hand, is more accessible due to its increasingly affordable ability to communicate through a common set of standards and across operating systems.
According to Wootton, 2 there are basically two reasons why telehealth is used: "either because there is no alternative, or because it is in some sense better than traditional medicine" (p. 12). In this sense telehealth has been used very successfully for optimising health services delivery to people who are isolated due to social and physical boundaries and limitations. 4, 5 Nevertheless, the benefits of telehealth, due to the variety of its applications and their uneven development, are not self-evident. 6, 7 In a recent study, Currel et al. 8 assessed all the randomised trials available in scientific literature to verify the effects of telemedicine as an alternative to face-to-face patient care. Although none of the studies showed any detrimental effects from the interventions, neither did they show unequivocal benefits. The findings did not constitute evidence of the safety of telemedicine.
However, the emergence of e-health is supporting the cost-effectiveness of certain applications 9 such as radiology, prisoner health care, psychiatry, and home health care. Its key advantage is the possibility of different, shared media and different health care tools in a simple-to-use and easily accessible interface. A recent Australian study showed that the costeffectiveness of both telehealth and telemedicine improves considerably when they are part of an integrated use of telecommunications and information technology. 10 The conclusion of the author is that it is unwise to promote telehealth in isolation from other uses of technologies in health care.
To date, some e-health applications have improved the quality of health care, and later they will probably lead to substantial cost savings. 11 However, e-health is not simply a technology but a complex technological and relational process. 12 In this sense, clinicians and health care providers who want to successfully exploit e-health need a significant attention to technology, ergonomics, human factors, and organizational changes in the structure of the relevant health service. 13 The goal of the paper is to analyze the processes by which e-health applications can contribute to the delivery of state-of-the-art health services. Particular attention is given to shared hypermedia and distributed VR worlds.
E-HEALTH: PROCESSES AND OPPORTUNITIES
Shared media, such as Internet and distributed VR offer different paths for augmenting the health care services in clinical and nonclinical settings. In particular it is possible to identify three areas in which e-health can offer a competitive advantage over traditional processes: clinical care, health education, and public health activities. These three areas will be discussed and the potential of shared media will be investigated in this article.
E-health in clinical care
The first area in which e-health can offer a competitive advantage is medical consultation and diagnosis. Remote video consultation, for example, could give consumers greater access to skilled health professionals regardless of geographic proximity. The efficacy of the use of remote consultation in e-health is confirmed by different research. For instance, Craig et al. 14 recently compared the outcome of neurological patients admitted to two small hospitals. In one hospital, all patients with neurological symptoms were seen by a neurologist at a distance using an interactive video-link transmitting at 384 kbit/sec; in the other, patients with neurological problems were managed as per usual practices. No appreciable differences were noted between the two hospitals in the final outcome.
Lange et al. 15 developed an Internet based ehealth system for treatment of post-traumatic stress disorder. The treatment comprised 10 writing sessions (45 min each) over 5 weeks. Reduction in post-traumatic stress symptoms compared favourably to changes in control and experimental groups in trials of similar but face-to-face treatment.
Elford and colleagues 16 used a PC-based videoconferencing system transmitting at 336 kbit/sec to conduct child psychiatry assessments. An independent evaluator concluded that in 96% of the assessments the diagnosis and treatment recommendations made via the videoconferencing system were the same as those made in face-to-face meetings. No significant difference was found in the patients' or parents' satisfaction responses after the two types of assessment even if most parents (91%) indicated that they would prefer to use the videoconferencing system than to travel a long distance to see a psychiatrist in person.
Also, the cost-effectiveness of remote video consultation is supported by experimental data. In Finland, Mielonen et al. 17 assessed the costs of psychiatric inpatient care-planning consultations to remote areas using videoconferencing instead of the conventional face-toface consultations at a hospital. At a workload of 20 patients per year, the cost of the videoconferences was FM2,510 per patient; the cost of the conventional alternative was FM4,750 per patient. At 50 care consultations per year, a remote municipality would save approximately FM117,000.
Even if, for the most part, remote consultation programs rely on dedicated networks (not the Internet) to provide connectivity between remote clinics and a centralized consulting facility, e-mail is emerging as a low-cost alternative to facilitate electronic communications between patients and care providers. 12 In particular, the use of e-mail in e-health offers the following advantages: the ability to offer routine transactions and patient education; increased efficiency; the self-documenting nature of this medium; cost-effectiveness; and serving as a clinical extender. 18 Given the successful results obtained using a less immersive medium, some researchers are thinking that the use of immersive VR in ehealth could further strengthen the assessment and rehabilitation process, [19] [20] resulting from its ability to immerse the patient in a life-like situation that she/he is forced to face. As noted by Miller & Rollnick, 21 people are "more persuaded by what they hear themselves say than by what other people tell them" (p. 58). Future applications of remote VR in e-health are expected to appear during the next year for the treatment of phobias and eating disorders. 22, 23 A second important section of e-health for clinical care is medical imaging. In fact, the use of the Internet to transfer medical images to expert interpreters could accelerate and improve the diagnostic processes as well as reduce costs. 24 For instance, Braun et al. 25 recently verified the efficacy of teledermatoscopy under routine conditions in private practice. In particular they found that diagnostic accuracy of the teledermatoscopy approach was superior to that of the conventional approach for malignant melanocytic lesions.
Usually, data visualization is performed slice by slice or by using volume rendering on costly graphics workstations. 23 However, the recent development of Internet technologies, the dramatic improvements of rendering capabilities on PCs and the diffusion of the VR Modelling Language (VRML) make three-dimensional (3D) visualization based upon client-server architecture possible. 26 Moreover, state-of-the-art VR and high speed networks have made it possible to create an environment for clinicians geographically distributed to share immersively massive medical volumetric databases in real time. One of the most successful systems in this area is the one developed by the VRMedLab at the University of Illinois at Chicago. This research group has developed a tele-immersion program that allows clinicians to interact with the same volumetric models, point, converse, and see each other through an ATM network. 27 Participants are depicted by virtual representations (avatars) that have their head and hand tracked so that they can convey natural gestures such as nodding and pointing. Moreover, the system allows the users to fly through space using a joystick and to interact with objects in the space using a tracked wand. Participants can pick, delete, or move any of the objects and speak to each other using a virtual intercom system.
A more advanced research project was developed at NASA in the "Virtual Collaborative Clinic" project at Ames Research Center. It used the high bandwidth Abilene network (9,920 Gbps) for multicasting in real-time complex images (1, 200 ,000 polygons) generated on a central graphic server at NASA. 28 To allow interaction with remote sites, the project used a combination of client-side (local) low resolution rendering (20,000 polygons) during object manipulations and multicast image distribution for single frame (static) image display. To achieve these outstanding results, the project used a 39Mbps bandwidth through satellite communication.
Another typical use of visualization applications is the planning of surgical and neuro-surgical procedures. 29, 30 The planning of these procedures usually relies on the studies of series of two-dimensional MR (Magnetic Resonance) and/or CT (Computer Tomography) images that have to be mentally integrated by surgeons into a 3D concept. This mental transformation is difficult because complex anatomy is represented in different scanning modalities on separate image series that are usually found in different sites/departments. An e-health VRbased system is capable of incorporating different scanning modalities coming from different sites providing an interactive 3D view.
Within the Virtual Collaborative Clinic project, NASA researchers developed Cyberscalpel, a VR-based telemedicine surgical system for planning and practice. 28 To plan the operation of a patient with cancer of the jaw, the upper and lower jaws were reconstructed using Cyberscalpel starting from a CT scan. The scan was reduced to 20,000 polygons, and the final model used to prove how fibular bone could be sectioned to mimic and replace the jaw pieces. The display of the Cyberscalpel was multicast to the participant Virtual Clinic clients during this procedure.
E-health in health education
Even if computer-assisted instruction programs for medical education were developed more than 30 years ago, their limits-lack of portability, update and local availabilitywould have drastically reduced the potential impact of this approach. 31 However, the appearance of Internet-based information and communication technologies is changing how training is being conducted in many medical schools. 32 As noted by Federico, 33 " We are in the midst of a paradigm shift in education and training from classroom centric to network centric" (p. 653).
The key to this shift is the emergence of "hypermedia," which can be described as "on-line setting where networks of multimedia nodes connected by links are used to present information and manage retrieval" (p. 662). 33 The Internet is a well-known hypermedia environment that users can access by using interactive browsers, such as Microsoft's Internet Explorer or Netscape's Navigator. If the information is textual in the first place, we talk of a hypertext, and if there are certain visual, musical, animation elements, or the like included, we talk of a hypermedia. 34 Hypertexts and hypermedia are structured around the idea of offering a learning environment that mimics human thinking-that is, an environment that allows the user to make associations between "concepts" rather than move sequentially from one to the next, as in an alphabetical list. Using hypermedia, students are no longer forced to follow linear lesson sequences but can choose "what to view, when to view, for how long to view and how many times to view" (p. 104). 35 Consequently, on-line students, can dynamically adapt the educational experience to their own momentary needs by directly interacting with hypermedia. 36 However, some researchers are skeptical about the educational relevance of hypermedia environments. As noted by Large, 35 "Linking information may be a necessary condition for learning, but it is not sufficient. Links can be made in many ways, including totally arbitrary ones with little semblance to how people associate ideas" (p. 98). Moreover, enabling learner control assumes that students have sufficient knowledge to select and make optimal links. Unfortunately this is not always true, especially for novices who also have to face the cognitive load required to keep track of their naviga-tional paths or for experienced users who have to face a badly structured hypermedia.
For instance, Gotwald et al. 37 recently assessed 30 websites for radiological education. Even if many of them contained large numbers of interesting radiological images of good quality, the structure and organization of the sites were their weakest features, reducing their educational potential.
To overcome these problems, a new form of hypermedia is now emerging: shared hypermedia (SH). SHs are new Internet tools attaching computer-mediated-communication to Web browsing (see Table 1 for a list of available SHs).
In SHs, different users, who are simultaneously browsing the same website, can communicate with each other and share files or web addresses. Using a simple interface, usually resembling a little remote control, SHs users can get a constantly updated list of all the other online users who are visiting the same website. Usually, a SH lets the user conduct group and private chats, exchange information or files, and share the same web pages. On any website, SH users can see a list of other users and talk with them on group and private levels. SHs further enhances the user experience by consolidating different form of CMC (e-mail, IRC, etc.) into one fully integrated interface. Many SHs also have a search engine that can be used to find a user with a specific age and/or similar interests. In this way, it is really easy to set up a group with a common interest, such as cardiology or eating disorders, or get online to practice a foreign language with a native speaker of that language.
The most advanced SHs (i.e. Cahoots and Firetalk) have an option called the web tour that is very interesting for its possible use in teaching. During a web tour, a leader can guide the browsing of a small group of users (usually up to 20), who are forced to follow him, interacting with them in real time. By assembling people with similar interests and surfing habits, this new Internet platform transforms Web browsing into a social activity. In this sense, SHs can be the starting point of communitycentered environments that can improve the experience of learning.
A second emerging area in e-health applications for health education is remote visualization of massive volumes of information and databases. Through remote 3D visualization, students can understand important physiological principles or basic anatomy. For instance, Internet-based VR can be used to explore the organs by "flying" around, behind, or even inside them. In this sense, VR-based e-health can be used both as didactic and experiential tool, allowing a deeper understanding of the interrelationship of anatomical structure that cannot be achieved by any other means, including cadaveric dissection.
The number of developed applications in this area is very large. For instance, Westwood and colleagues 38 reported more than 10 different educational and visualization applications. A typical example is Anatomic VisualizeR, a VRenhanced multimedia application used in medical school anatomy and high school biology classes. 39 A more advanced attempt in using a VR-based telemedicine system for surgical simulations comes from the Manchester Visualization Center. 40 Using VRML and JAVA to render the 3D models, the authors created simulations of ventricular catheterisation accessible through the Internet. Early in their training, trainees in neurosurgery need to gain an appreciation of the ventricular system and how to cannulate it in an emergency. The flow of cerebrospinal fluid can be obstructed in the FROM TELEHEALTH TO E-HEALTH 993 ventricles by several pathological processes leading to hydrocephalus. The pressure within the ventricles can rise, leading to loss of consciousness. The ventricular system can be cannulated in the operating theatre, fluid can be drained, and a potentially lethal rise in pressure can be relieved. In the virtual environment the user can move the virtual cannula to the entry point on the 3D patient. The cannula is then placed with the correct orientation. Finally, it is inserted through the virtual patient and into the ventricular system. The authors are also exploring the possibility of allowing multi-user collaboration. Using Deep Matrix software 41 as a base platform, researchers have extended the simulators to allow a single instance of one simulator to be accessed by several users over the Internet. Any change in the VRML word produced by one user is propagated to all the other participant web browsers. This enables the teacher to explain to a remote audience how a procedure should be performed.
A similar approach-VRML plus JAVA-is used by the Department of Neurosurgery in the Leeds General Infirmary (United Kingdom) to train surgeons in the treatment of trigeminal neuralgia. Specifically, the teletraining system simulates the insertion of a needle in the percutaneous rhizothomy. 42 The collision detection between the instrument and patient is critical to this simulation. Hence, the virtual environment provides a pair of linked views: one from the eye of the surgeon and one from the viewpoint of the needle. The different parts of the procedure-marking anatomical landmarks, orienting the needle, and inserting itare all simulated by the application. The simulator is freely available on a public access website (http://synaptic.mvc.mcc.ac.uk/home. html).
The opportunity for international collaboration in medical conferences is another potential application now being explored 43 in this area. Interaction and participation using shared VR might alleviate some of the stiltedness of current videoconferencing capabilities. However, even if many of these applications could be developed, their actual use in this area is still limited by both technology-related factors (such as lack of high visual fidelity or price/performance issues) and design-related factors (such as poor interface and sensory overload).
E-health in public health activities
Public health activities are one of the areas that could be most dramatically reshaped by the Internet. Public health activities include all the health care activities aimed at giving consumers a more pronounced role in their own health and health care. In detail, public health activities range from home-based monitoring of health status to the development of tools for self-assessment of health risks and management of chronic diseases. 24 One public health area that has exploded over the past few years includes consumer-oriented Internet sites. In fact, many providers of health information have identified the Internet as an effective medium for reaching large numbers of health consumers. These sites are usually dedicated to the promotion of various healthy lifestyles, the diagnosis and management of diseases, and interventions to prevent the onset of disease. The formats range from mailing lists to interactive websites, chat sessions, or compilations of online resources.
However, given the huge volume of health information available on the Internet, a key issue for the diffusion of e-health is the creation of tools and guidelines to help consumers find information of interest and evaluate its quality. 44 For example, a simple Web search for "cannabis" can return more than 130,000 Web pages, 44 and some 61,000 websites contain information on breast cancer. 24 To search through this incredible amount of data, consumers need effective searching and filtering tools and a way to judge the quality, authoritativeness, and provenance of the information.
In a recent study, Kim et al. 45 analyzed the published criteria for specifically evaluating health-related information on the Internet. The most frequently cited criteria were those dealing with content, design and aesthetics of site; disclosure of authors, sponsors, or developers; currency of information (includes frequency of update, freshness, maintenance of site); authority of source, ease of use; and accessibility and availability. The results suggest that, even if there is a general agreement on some crite-ria, the identification and assessment of a clear, simple set of consensus criteria is still required, which the general public can understand and use.
Another key area of public health activities that is affected by e-health is the access to health records. 46 Historically, care providers have maintained voluminous records of patient encounters within their organizations, documenting dates and times of consultations, diagnoses, lab results, prescriptions, and more. Electronic medical records are the e-health evolution of traditional paper-based health records. These systems have evolved from simple databases to true medical records systems with variable levels of functionality. Early systems provided simple anamnestic data. Modern systems now even provide laboratory results, copies of the radiology images and therapeutic orders.
Electronic medical records were initially used for allowing medical specialists to share patient records and to communicate with each other on the Internet, 47 and, in the last years, a number of new websites have begun to allow consumers to store their own health records online. The potential benefits of these sites are many. As noted by Shortliffe, 24 Using them, consumers can create comprehensive, longitudinal records that capture information about the care received from different organizations over an extended period of time. Consumers can use these records to help monitor and evaluate their health status, and they can grant access, if they wish, to different providers for purposes of care. (p. 53).
Some sites also provide some sort of emergency feature that enables care providers to gain access to a patient's records in an emergency situation; something that is much more difficult to do if the records are not stored online.
CONCLUSIONS
The emergence of e-health could have a strong effect on health care. As we have seen, the key characteristic of e-health is the use of shared media. Using the Internet, therapists can present, from a remote site, a wide variety of stimuli and measure and monitor a wide variety of responses made by the user. However, at this stage, there are different short-comings to the potential of this approach.
The main problem is non-technical and is related to the personal and organizational changes needed to introduce e-health in healthcare organizations. 48 Although the introduction of shared media has been successful and become accepted practice in many areas of industry, traditional methods have tended to prevail in health-care. Telehealth and e-health have been adopted by enthusiasts who recognize the potential benefits of a these new media. However, the more widespread introduction of e-health requires considerable organizational change in the way health care is delivered. 49 This requires an alteration of established factors such as consultations and referral patterns, ways of payment, specialist support for primary healthcare, co-operation between primary and secondary healthcare, defining geographical catchment areas, and the "ownership" of the patients. 50 A further problem is the technology of ehealth. Actual technology (hardware, software, and transmission) is expensive and far from perfect. 51 Insufficient image quality, low framing rate, flickering, and delays makes working in front of a video terminal unattractive and in particular very tiring. An important effect of this is, among others, an increased tendency to produce errors.
Fortunately the quality of technology in this area is increasing while costs are falling down. Prices are declining by approximately 25% every year. 52 Simple, telephone-based videoconferencing systems are now available for under $500, whereas high quality, board-based ISDN systems can cost less than $1,000. New transmission technologies, including Digital Subscriber Line (xDSL) and cable modem, promise to provide order-of-magnitude increases in dependable bandwith for a small increment of price. Widespread access to the Internet is also required for the success of e-health applications. Many applications currently demand only moderate bandwidth and latency, meaning that standard modem access to the Internet, at 28.8 to 56 kbit/s may suffice.
A recent research evaluated a low-bandwidth, e-health system in eight community hospitals connected to a central hospital via the Internet. PCs were used with videoconferencing software and modem connections to the telephone network. Even if the average live video frame rate was 1 frame/sec (at the best image quality), with an average latency of 3 seconds, the results suggested that Internetbased videoconferencing is acceptable for certain telemedicine applications. 53 Successful results with a limited bandwith have also been obtained by an e-health teleconsultation application developed in Croatia: a 33 kbit/s link was established between a team of specialists in the general hospital, Sveti Dub (Zagreb), and a general practitioner's clinic in Selca (on the island of Brac) using $700 computer system. 54 Another relevant issue is that of ensuring equitable access to health resources by different demographic groups. There are already considerable differences in access to health care in the world. Ensuring that differential access to the Internet along demographic lines does not exacerbate this imbalance could become an increasingly important issue, especially if the provision of health care moves online. 24 Security and legal protection are two more key issues for the diffusion of e-health. 55, 56 In fact this approach involves three fundamental types of relationships 57 in which a duty is owed by one party to another: the relationship between the clinician and the patient; the relationship between clinicians; and the relationship between the provider of the telemedicine system and the user.
The situation may be complicated by the involvement of multiple clinicians and/or the providers of the telemedicine systems (call centers, telecommunications network, etc). As noted by Stanberry, 57 if "a patient is harmed during a teleconsultation, (the healthcare centre) could choose to name a number of these organisations or individuals as defendants to a legal action for negligence if it is unclear what went wrong or where responsibilities are" (p. 24) .
Moreover e-health can hide severe privacy and security risks because patient data and hospital data stored on a secure Intranet can be manipulated by connecting it to the Web. This is even more true for e-mail consulting. Most email exchanges between patient and provider involve discussions of personal health information, which must be suitably protected from breaches of confidentiality and, to a lesser extent, alteration. 58 However, the establishing of a firewall and the introduction of health professional cards can drastically reduce the risk of unauthorized access to the hospital server. For secure e-mail, pretty good privacy can be easily used as a standard protocol. 55 In general, planning all activities exactly as well as introducing an advanced form of data protection are important requisites for the reduction of security risks on the Internet. 59 To spread the diffusion of e-health, further research is needed. More evaluation is required of clinical outcomes, organizational effects, benefits to health-care providers and users, and quality assurance. It is also very important that professionals in this field share information about their experiences and examine the results of evaluations so that the suitable development work can be accelerated.
